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ABSTRACT: A system for automatically adjusting a receiver 
to the “format" of received characters. The format refers to 
the number B of bit transmission intervals per character and 
the duration At of each such interval, where B is unknown and 
is in the range B0 to B,,l and At is unknown and is in the range 
A10 to Ar,,,. In response to the reception of timing signals of du 
ration Bo At, where only B0 is known in advance, the system 
generates clock pulses spaced intervals At. In the response to 
the reception of timing signals of duration B A I, after A! has 
been ascertained by the system, it generates B such clock pul 
ses for each subsequently received character, each clock pulse 
concurrent with a character bit interval. 
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DIGITAL SYNCHRONIZATION SYSTEM 

BACKGROUND OF THE INVENTION 

Data transmission between two data-processing systems 
normally involves dividing the total amount of information to 
be transmitted into groups of binary digits (bits) known as 
characters. The “format” of these characters generally is 
known in advance by the receiving system and this makes it 
possible for the receiving system to accept the bits at their bit 
repetition frequency and to understand their meaning, for ex 
ample, whether they are control or information bits. 

In the serial mode of transmission, there may be a single 
channel and the bits of each character may be sent one-by-one 
down this channel, in sequence The relative times of occur 
rence, within a character transmission interval, of the informa 
tion and the control bits and the duration of each such bit, that 
is, the speed of transmission of the character, are charac 
teristics which de?ne the character format. 

FIG. 1 shows one typical character format. Each character 
interval starts with a “start” bit (which is a “control” bit) of 
duration At, and the start bit is followed by N information bits, 
each also of duration At. Each information bit in the example 
given may be positive-going and represent the binary digit l or 
may be of zero amplitude and represent the binary digit 0. 
(This convention, of course, is purely arbitrary). Typically, N 
may be some number from say six to 12 bits so that the dura 
tion of the control (start) bit (assuming only one such control 
bit is present) plus the N information bits may be in the range 
Bo At to Bm At, where Bo may be equal to 7 and B,,‘ to 13. 

After the interval B At, where in this example B=N+l , there 
is a second interval MAt known as the end bit interval. During 
this interval, no data is transmitted, that is, the data channel 
can be considered to be in the zero state. The purpose of this 
interval is to provide time to acknowledge the receipt of the 
character by the receiving system as well as to provide a 
minimum space between characters. Thus, one complete 
character interval has a duration (N+l )At+MAt, as shown in 
FIG. 1. Immediately after the character interval, the next 
character may be sent, as illustrated in FIG. 1, or, there may 
be an idle period between successive characters or between 
successive groups of characters (messages). For example, 
when the transmitter is a teletype set, there is an idle period 
(the time between the depression of successive keys) between 
successive characters. _ 

In some modern data-processing systems which include 
many remote transmitters connected to each receiver system, 
there may be a number of different transmitted character for 
mats. For example, the transmitting frequencies, that is, the 
bit durations and the number N of bits per character may be 
different at different transmitters. The object of the present in 
vention is to provide a system of this type in which the receiver 
automatically adjusts to the different formats. 

BRIEF SUMMARY OF THE INVENTION 

In response to the reception of timing signals of duration B0 
At, where B0 is known in advance and is the minimum number 
of bit intervals within a character transmission time during 
which intelligence is transmitted, the system of the present in 
vention generates clock pulses spaced intervals At. In a 
preferred form of the invention, the system also includes 
means responsive to the reception of a timing signal of dura 
tion B At, after At has been ascertained by the system, for 
generating B clock pulses for each subsequently received 
character, each clock pulse concurrent with a character bit in 
terval. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. I is a drawing illustrating a typical character format; 
FIG. 2 is a drawing of waveforms to help explain the opera 

tion of the system of the invention; 
, FIG. 3 is a block diagram of a form of the invention which 
automatically adjusts to the bit duration; and l 
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2 
FIG. 4 is a block diagram of a modi?cation of the system of‘ 

FIG. 3 that permits the system also to adjust to N, the number 
of bits per character. 

DETAILED DESCRIPTION 

The system of FIG. 3 includes a ?xed-frequency oscillator, 
10 which supplies pulses to be counted to ?rst counter 12. The. 
count produced by the ?rst counter 12 is compared with the 
count present in the second counter 14 by a comparator 16. 
The comparator 16 produces output pulses X which are ap- 
plied to a third counter 18 to a frequency divider 20 and to 
gate 50. The count produced by the counter 18 is compared 
with the preset count in the manually set switch bank 22 by a! 
comparator 24. The pulses Y produced by comparator 24 are 
applied to over?ow ?ip-?op 26 and are also employed to reset y. 
the third counter 18 and to advance by one the count stored in . 
second counter 14. 

In the operation of the system of FIG. 3, to start with, rather 
than sending characters as shown in FIG. 1, the remote trans 
mitter (not shown) sends timing pulses 37 such as shown in 
FIG. 2. Each timing pulse 37 has a duration (No+l )At and 
each interval between timing pulses has an interval M At, as, 
shown. No represents the minimum number of bits per 
character any transmitter can send. In the present system, 
NFN=8, that is, the assumption is made that N is the same 
for all transmitters and’ does not changgAghowever is not the: 
same for all transmitters. The assumption is made, in the 
present example, that for the particular transmitter involved, 
that At=0.00l seconds and also that M=l. The present system 
automatically adjusts its parameters so that it generates clock 
pulses at lead 64 which are separated by an interval At, which 
in the present example is 0.001 seconds, in the manner ex 
plained below. 
The timing pulses 37 are applied to input terminal 30. Dur 

ing this period, shift register memory ‘32 can be considered to 
be disabled, for example, by the signal Ml applied to line 34. 
The timing pulses are also applied via inverter 34 to one input 
terminal of gate 36. This gate produces a negative-going out 
put signal when both of its inputs are positive-going. 
To start the system, a start pulse is applied to the set ter 

minal of ?ip-flop 38. This pulse may be produced by local con 
trol equipment and may be derived, for example, from a. 
“request for service” by a remote transmitter. This pulse sets 
the ?ip-?op so that a priming signal (a positive voltage level)v 
is applied from the 1 output terminal of the ?ip-?op via lead 
40 to gate 36. The start pulse is also applied via line 42 to cer 
tain terminals of counter 14 to preset the counter to some 
predetermined count. A speci?c example is given later. 
When the ?rst negative-going pulse 33 is applied to the data 

line input terminal 30, AND-gate 36 becomes enabled and it 
applies a negative-going reset signal directly to over?ow ?ip 
?op 44 and a reset signal via inverter 46 to the counter 18. 
The inverter converts the negative-going signal on line 48 to a 
positive-going signal and the positive-going signal resets the 
counter 18 to zero. 

The negative-going signal on line 48 is also applied to gate 
50. This disables the gate and the latter thereupon applies a 
positive-going reset pulse to counter 12 resetting counter to 
zero. During the application of this reset pulse to counter 12, 
the ?xed-frequency pulses from oscillator 10 cannot advance 
the counter. Upon termination of a negative-going pulse 33, 
the positive-going timing pulse 37 starts. This pulse is known 
to have a duration equal to that of No+l information pulses, 
however, as the system does not know in advance the value of 
At, (one-bit interval) it does not know the value of (No+l )66 
t. Pulse 37 disables gate 36 so that a positive-going signal is 
now present on line 48. The reset signal is therefore removed 
from counter 18 and AND-gate 50 is enabled. The reason is 
that the X-output of comparator I6 is normally relatively posi 
tive as is the signal on lead 48 so that a relatively negative 
signal is present at the reset terminals of counter 12. 
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The counter 12 now starts counting the ?xed-frequency pul 
ses produced by oscillator 10. Each time the count stored in 
counter 12 becomes equal to the count stored in counter 14, 
the comparator 16 produces a negative-going output pulse. 
This negative-going output pulse disables gate 50 and this 
causes the gate to apply a positive reset pulse to counter 12, 
resetting the counter to zero. 
The successive pulses X produced by the comparator are 

applied via line 52 to the counter 18. Counter 18 counts these 
pulses and each time the count in counter 18 reaches the 
count stored in the switch bank 22, the comparator produces 
an output pulse Y. The output pulse Y sets the over?ow ?ip 
?op 4'4 and the latter applies a disabling signal, via line 54, to 
the nonoverflow detection circuit 56. Pulse Y is also applied 
to counter 14 and causes the count stored in the counter to ad 
vance by one. Thus, each time a pulse Y is generated, the 
repetition frequency of the pulse X is reduced. 
The process described above continues for the duration of 

one timing pulse 37, that is, for an interval (No-H )At. If at the 
end of this interval the over?ow detection ?ip-?op 26 is set (as 
it will be if even a single pulse Y is produced) then the next 
negative-going input pulse 33 (that is the negative-going 
period between timing pulses 37) will cause the overflow ?ip 
?op 26 to be reset. The negative-going pulse corresponding to 
33 which is present on line 48, also is applied to the nonover 
?ow detection circuit but will have no effect on this circuit as 
it is maintained disabled by the direct current level present on 
line 54. A pulse on line 60 will occur only if line 54 is still ena 
bled at the start of period 33 (a negative transition on line 48). 

In due course, generally after a number of timing periods 
37, the pulse repetition frequency of the pulses X will be 
reduced suf?ciently so that no pulse Y is produced during a 
timing pulse 37. This means that the over?ow ?ip-?op 44 will 
remain in its reset state. When this condition exists, the next 
time a pulse 33 occurs, the nonoverflow detection circuit is 
enabled via line 48 and applies a set signal, via line 60, to “ 
?nish” ?ip-?op 58. The output EN produced by the ?nish ?ip 
?op is an indication that the pulses X are at the desired 
frequency. This signal is employed to reset the start ?ip-?op 
which, in turn, enables the shift register memory. It may also 
be employed to signal the remote transmitter that the trans 
mission of characters can start. 
The transmitted characters are now applied to data input 

terminal 30. The X-pulses produced by the comparator 16 are 
applied to a ?xed-frequency divider 20 which divides these 
pulses to a frequency equal to the bit repetition rate of the 
data bits. These pulses, applied via OR-gate 60 to the shift re 
gister, clock the input data bits into the shift register memory. 

After a suf?cient number of characters have been accumu 
lated the shift register memory 32, they may be clocked out of 
the register at a different frequency. The clock pulses at this 
different frequency may be derived from the local data 
processing machine (not shown) and may be applied via line 
62. 

In one practical embodiment of the invention, N, the 
number of bits per character, is 8 and the periods A! are each 
0.001 seconds. Thus, the timing period (N-l-l )Al is equal to 
0.009 seconds, or, put another way, the timing period includes 
9-bit times which recur at a frequency of l kilohertz. The ?xed 
frequency oscillator produces pulses at a l megahertz repeti 
tion rate. The manually set switch bank 22 is set to a count of 
91. (In one practical system this count is permanently wired 
in.) The counter 14 initially is set to a count of 9. It requires 65 
timing pulses 37 for the pulses X to reach the desired frequen 
cy—a total adjustment time of 0.65 seconds (slightly more 
than one-half second). When in final adjustment, the counter 
14 has advanced to a count of 100. The pulse repetition 
frequency of the pulses X is reduced to 10 kilohertz, the 
frequency divider 20 divides this frequency by 10 to produce 
clock pulses at a l-kilohertz rate. During each timing pulse, 
nine such clock pulses are produced, one per bit time. 

FIG. 2 shows information pulses applied to terminal 30 and 
the clock pulses on lead 64. Note that each clock pulse is cen 
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4 
tered on an information pulse, the clock pulse 76 for example, 
is centered on the start bit 72, the clock pulse 73 is centered 
on the ?rst information bit 74 which in this instance is a 0 and 
so on. One means for accomplishing this is discussed later in 
connection with FIG. 4. 

In the practical example given above, No=8 and the 
manually set switch bank 22 initially is set to a count of 91. It 
is found, in practice, that the general rule to be followed to ac— 
commodate any reasonable character format is to set the 
switch bank 22 to the count of IO(NO+NS)+I where: 
N, = lowest number of information bits ever expected to be 

received in any data format, and 
NS = the number of start bits. 
In practicing the present invention, it is found that there is a 

trade off between accuracy and generality. Theoretically, for 
example, N, can be 1 and the timing period can have a dura 
tion of only 2At. This would permit any value of N to be han 
dled because the timing period would consist of the start bit 
and the ?rst information bit. However, the shorter the timing 
period, the less accurate the frequency adjustment and the 
longer the adjustment will take. 
The system described above will operate for any value of At 

within the range 

F 0 = the frequency of the ?xed-frequency oscillator 10 
C,,,,,,= the maximum count possible of counter 12 
In general, the larger Cm“, the longer the frequency adjust 
ment time, for adjustments were C approaches C,,,,,,. In 
practice F0 and Cm“, are chosen to best accommodate a 
“reasonable” A: range. For example, the following equa 
tions may be followed 

Cruel-=1()(AlmurlAtmm) 

For example, if a reasonable expected range of Al is: 
At,,,,,,=0.000l § At s 0.0l=At,,,,,,, 

In other words, the expected bit repetition frequency is 
somewhere in the range of 10,000 bits per second to 100 bits 
per second—a reasonably large range. 

For this example, since 
lo(Atmu.r/Atn|in)=1 1 )=1 00=Cmu1 

Counter 12 could be a 3-decade counter and 
[?y-=100/At,,,,,,,=l00/0.00l=Ml'Iz . 

The various blocks in the system of FIG. 3 are in themselves 
known and need not be discussed in detail. As one example, 
the block 56 may be a standard integrated circuit monostable 
multivibrator in which line 54 is connected to the gate ter 
minal, line 48 to the trigger terminal and line 60 to the output 
terminal. The ?ip-?ops and counters also may be standard in 
tegrated circuits. The ?xed-frequency oscillator need not be 
extremely stable, that is, it need not either be crystal con 
trolled or placed in an oven. The oscillator should have suffi 
cient short term stability that its frequency does not vary sub 
stantially during a character interval or, in the case of a 
message, during the message interval. 
As already mentioned, in the circuit of FIG. 3 no provision 

is made for different values of N. If, however, the portion of 
the system of FIG. 3 above the dash line 100 is replaced with 
the circuit of FIG. 4, then the system automatically adjusts 
both to frequency, that is, to different values of At, and to N, 
that is, to the number of bits per character. 
The system of FIG. 4 includes a frequency divider 102 

which corresponds to the frequency divider 20 of FIG. 3 
whose output is applied to a decade decoder 104. In this com 
bination, the frequency divider may simply be a decade 
counter. The l, 3, 4, and 5 count output terminals of the 
decade decoder are applied via inverters 106, 108, 110, and 
112 to AND-gate 114, AND-gates 116 and 118, AND-gate 
120 and AND-gate 122, respectively, AND-gate 116 is con 
nected to counter 124 and AND-gate 118 to counter 126. The 
counts produced by these two counters are compared by com 
parator 128 and when they are equal the comparator produces 
a set signal which it applies the ?ip-?op 130. 



3,629,503 
5 

The counter 126 is connected also to a zero detection gate 
circuit 132 which applies its output to AND-gate 122. AND 
gate 114 is connected to the'set terminals of ?ip-?op 130 and 
134. The circuit of FIG. 4 also includes a second start flip-?op 
136 whose 1 output terminal is connected to AND-gate 116 
and whose 0 output terminal is connected to AND-gate 118. 
The data line input terminal 30 is connected via AND-gate 
138 to a bit addressable memory 140. This memory is ad 
dressed by means of the counter 142 and the address register 
144 of the memory. 

In the operation of the system of FIG. 4, the portion of the 
system shown beneath the dashed line 100 in FIG. 3 ?rst ad 
justs the system of the bit duration At. After this, the control 
system generates a second start pulse AA which sets the ?ip 
?op 36. This start pulse AA may be generated, for example, in 
response to the output EN of the ?nish ?ip-?op 58 of FIG. 3. 
The control system may then signal the remote transmitter to 
send ~another timing pulse. This timing pulse will have a dura 
tion (N+1)At. It will be recalled that the ?rst group of timing 
pulses had a duration of (No-=1 )At which in the example given 
was (8=l )At. For purposes of the present discussion, it may be 
assumed that the present timing pulse has N equal to 10 so 
that N=l=l 1. This timing pulse is sent from the remote trans 
mitter via the data line to input terminal 30. Two of the input 
leads 150 and 152 may be assumed initially to be at relatively 
high levels so that the gate 138 is primed. Accordingly, in 
response to the leading edge of this timing signal at terminal 
30, the output lead 154 goes low. The low signal resets ?ip 
?op 130 and the low output present at the one output terminal 
of the ?ip-?op thereupon enables the frequency divider 102. 
The output pulses of the frequency divider are decoded by 

the decade decoder 104 and each 10 such pulses X which oc 
cur, a negative pulse is applied from terminal 30 of the 
decoder to the inverter 108 and the latter applies a positive 
pulse to AND-gates 116 and 118. As ?ip-flop 136 is set, AND 
gate 116 is primed and AND-gate 118 is disabled. Ac 
cordingly, counter 124 advances its count by l in response to 
each count of 3 produced by the decoder 104. 

For reasons which will become clear shortly, the counter 
124 initially is reset to a count of —l. When the counter has 
counter l l pulses, that is, when it reaches a count of +10, the 
timing pulse of duration (N+l)At on data line terminal 30 
ends. This disables gate 138 and the positive pulse present at 
lead 134 is applied to AND-gate 114. At this time, the second 
input lead 156 also carries a relatively positive level in view of 
the set condition of flip-flop 136. A short time later, a nega 
tive-going signal indicative of the count of 1 is produced by 
the decoder 104 so that the inverter 106 applies a positive 
signal to lead 158. This enables AND-gate 114 and the latter 
produces a negative set signal which it applies to the ?ip-?op 
130. 
The set flip-?op 130 produces a high output at its l output 

terminal and this disables the frequency divider 102 and resets 
counter 126 to a count of —l. The negative output of AND 
gate 114 also sets ?ip-?op 134. The corresponding negative 
signal produced at the 0 output terminal of ?ip-?op 134 resets 
?ip-?op 136 and serves also to disable AND-gate 138. The 
reset ?ip-?op 136 now disables AND-gate 116 and primes 
AND-gate 118. 

In response to the conditions above, the system is now ready 
to receive information. In response to this condition, which 
may be communicated to the computer central control system 
(not shown) via lead 160, a reset signal MCR is applied to flip 
flop 134. This causes its 0 output terminal again to go high and 
the high signal again primes AND-gate 138. The high signal 
has no effect on ?ip-?op 136. 
Assume now that the ?rst character is sent via the data line 

to terminal 30. The ?rst pulse is a control bit, that is, the start 
bit and it causes a negative pulse to be produced at lead 134 
which resets ?ip-?op 130. The low signal produced by the flip 
?op thereupon resets counter 126 to a count of —1 (actually 
the counter already is reset) and also enables the frequency di 
vider 102. Now each time the decade decoder reaches a count 
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6 
of 3, the pulse to be counted is applied via AND-gate 118 to 
counter 126. 

In response to ?rst such pulse, which occurs during the start 
bit interval, the counter 126 is advanced to a count of O. The 
zero count detection gate circuit 132 detects this count and in 
response thereof disables AND-gates 120 and 122. Thus, the 
counter 142 is prevented from being advanced and the disa 
bled AND-gate 122 prevents the start bit from being written 
into the memory 140. However, each following bit interval Ar, 
counter 126 advances by l and a number of other things oc 
cur. For example, inverter 112 applies an enabling signal via 
lead 170 to AND-gate 122. Leads 172 and 174 are both high, 
representing a 1, at this same time so that AND-gate 122 ap 
plies a write pulse to the bit addressable memory. This write 
pulse is concurrent with the information bit and, in view of the 
fact that the write pulse occurs each time the count of 5 is 
produced by the decade decoder, the write pulse is centered 
on the information pulse. 

One-tenth~ of a bit time A! prior to the time that the above 
occurs, inverter 110 applies an enabling signal to AND-gate 
120. As already mentioned, the leads 174 and 172 are high at 
this time so that the AND gate applies an advance pulse via 
OR-gate 176 and lead 178 to counter 142. The counter is 
thereby advanced to the next count. This next count is indica 
tive of the address in the memory at which it is desired to write 
the bit then present at lead 180 into the memory. This count is 
applied to the address register and one-tenth of a bit time later 
the bit is written into the memory in response to the write 
pulse produced by AND-gate 122. 
The process above continues until the counter 126 has 

counter 11 pulses, that is, until the counter reaches a count of 
IO. At that time, the comparator 128 produces an output 
which sets the ?ip-flop 130. The set ?ip-flop disables the 
frequency divider and resets counter 126 to a count of —l. 
The system now waits until the next start bit occurs. When the 
next start bit does occur, indicating the start of another 
character, the entire process just described repeats with each 
received bit of the next character being clocked into the bit 
addressable memory. 
As in the case of the system of FIG. 3, the memory 140 may 

be read out at a rate different than that at which it receives in 
formation. The readout pulses from another clock source may 
be applied to the system via terminal 182. The counter 142 
also may be reset to some initial count via a locally generated 
signal applied to terminal 184. Also, the gate 138 may be disa 
bled via a locally generated signal applied to lead 152. 
What is claimed is: 
1. A system for producing one clock pulse per bit of succes 

sive, serially transmitted characters, where each character 
transmission interval includes a duration BAt during which‘ in 
telli‘gence is transmitted, where B, which may be unknown, is 
the number of bit intervals and is in the range B‘, to B,,I and 
where At, which also may be unknown, is some value in the 
range At0 to A1,, comprising, in combination: 
means for transmitting timing signals, each of duration BoAt, 

_ where 8,, is known in advance; 
means receptive of said timing signals for producing clock 

pulses at intervals At; 
means for transmitting a timing signal of duration BAt after 

said clock pulses are produced at intervals At; and 
means receptive of said last-named timing signal for produc 

ing, during each succeeding character transmission inter 
val, B clock pulses, each concurrent with a bit interval of 
a character. 

2. In a system as set forth in claim 1, said means for produc 
ing clock pulses at intervals A! including: 

?rst, second, and third counters; 
a fixed frequency oscillator supplying pulses to be counted 

to the ?rst counter; 
means for producing an output when the counts in the ?rst 
and second counters are equal and applying that output 
to the third counter; and 
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means for advancing by one the count stored on the second 
counter each time the third counter reaches a given 
count. 

3. In a system as set forth in claim 1, said last-named means 
including: 

?rst and second counting means; 
means producing pulses at intervals A: and applying them to 

said ?rst counting means; 
means for stopping said first counting means when it has 
counted B such pulses; and 

means for thereafter applying said pulses to said second 
counting means, and for resetting the same each time the 
counts in the two counting means are equal. 

4. A system as set forth in claim 1, further including: 
means for suppressing one clock pulse in each group of B 

clock pulses. 
5. In a circuit for producing clock pulses at a frequency 

which is synchronous with that of received timing pulses, in 
combination: 

an oscillator for producing signals at a frequency substan 
tially higher than the repetition frequency of said timing 
pulses; 

?rst counter means responsive to received timing pulses for 
counting, during the interval of each such timing pulse, 
the signals produced by said oscillator; 

?rst count-indicating means for both resetting said ?rst 
counter means and for producing an output signal X each 
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8 
time, ‘during the interval of a timing pulse, said ?rst 
counter means reaches a given count; 

second counter means for counting, during the interval of 
each timing pulse; said output signals X; 

second count-indicatin g means for both resetting said 
second counter means and for producing an output signal 
Y each time, during the interval of a timing pulse, said 
second counter means reaches a predetermined count; 

means responsive to each second output signal Y for in 
creasing by one the count to which said ?rst count in 
dicating means is responsive; and 

means for indicating when said last-named means ceases to 
produce at least one output signal Y during the interval of 
a received timing pulse. 

6. In a circuit as set forth in claim 5, said ?rst count-indicat 
ing means including a third counter means and means for 
comparing the count stored therein with the count of said ?rst 
counting means. 

7. In a circuit as set forth in claim 5, further including a 
frequency divider receptive of said pulses X for producing n 
pulses each timing pulse interval, where n is the number of bit 
intervals within said timing pulse interval. 

8. In a circuit as set forth in claim 5, said last-named means 
comprising a ?ip-?op coupled to said second count-indicating 
means and means for sensing the state of said ?ip-?op. 


